Abstract-In this letter, we propose an adaptive step-size algorithm for the adaptive interference canceller (AIC) in the spacetime coded DS-CDMA system. To improve the performance of the fixed step-size AIC (FS-AIC), the regular adaptive step-size algorithm is extended in complex domain and applied to the joint AIC and ML decoder scheme. Simulation results show that the joint adaptive step-size AIC (AS-AIC) and ML decoder scheme using the proposed algorithm has better performance than not only the conventional ML decoder but also the joint FS-AIC and ML decoder scheme without much increase of the decoding delay and complexity.
I. INTRODUCTION
A DAPTIVE blind multiuser detection is useful for the DS-CDMA system in mobile wireless channels, which jointly suppresses multiple-access interference (MAI) and inter-symbol interference (ISI) without any knowledge beyond that required for the conventional single-user detector. It has been implemented as the linear minimum mean square error (MMSE) detector using the blind least mean square (LMS) algorithm, the adaptive interference canceller (AIC) using the modified blind LMS algorithm, etc. [1] , [2] . As the performance of the blind LMS algorithms is heavily dependent on the choice of step-size, the adaptive step-size (AS) algorithm that adaptively varies the step-size to minimize the mean output error has been studied for the uncoded DS-CDMA system [3] .
As the demand on high data-rate services increases, the spacetime coding technique (STC) that provides significant increase of capacity is adopted in the DS-CDMA system. In the spacetime coded DS-CDMA system, the joint AIC and ML decoder scheme has been proposed to obtain the benefit of the adaptive blind multiuser detection without much increase of the decoding delay and complexity [4] - [6] . To apply the AS algorithm to the joint AIC and ML decoder scheme, we extend it in complex domain and propose the adaptive step-size AIC (AS-AIC) and ML decoder scheme for the space-time coded DS-CDMA system. The AS-AIC algorithm involves two LMS algorithms, the first is the complex LMS algorithm to update the tap-weight vector using the Euclidean distance fed-back from ML decoder, and the second is the regular LMS algorithm to track the optimal step-size. Therefore the proposed scheme not only performs the blind adaptive interference cancellation during space-time decoding, but also adaptively changes the step-size to track the environment changes.
II. SPACE-TIME CODED DS-CDMA SIGNAL MODEL
We consider the downlink of a DS-CDMA system with transmit antennas, receive antennas, and users. The th data bit of the th user , is space-time encoded to produce a codeword . The encoded symbols of the th user are spread by a unique signature sequence with the processing gain of to be transmitted with symbol energy , where is bit energy. Assume that the channel between each pair of transmit and receive antennas has i.i.d. Rayleigh fading with paths of equal gain, of which the coefficient is constant over one frame, and the arrival time delay is given by for some integer where is chip duration. During each symbol duration, output samples from a chip matched-filter make a received signal vector. Denote as the -shifted sequence for the signature sequence of the th user as in [5] , [6] . Then the received signal vector synchronized with the arrival time delay of the th path at the th receive antenna is given by (1) where is the channel gain from the th transmit antenna to the th receive antenna through the th path, is a noise vector having components which are independent zero-mean complex Gaussian random variables with the variance of for each of real and imaginary parts. The received signal vector is despread by the signature sequence to make the despread signal in the conventional single-user detector. The despread 1089-7798/04$20.00 © 2004 IEEE signal for the th user of the th path at the th symbol time is given by (2) where is the cross-correlation between and is the desired signal, and is the interference-plus-noise signal which consists of the remaining terms except the desired signal from the despread signal.
III. ADAPTIVE STEP-SIZE AIC ALGORITHM
The adaptive interference canceller (AIC) can perform both despreading and interference-cancelling as a simple transversal type filter with taps, in which the received signal vector is despread by the tap-weight vector instead of the signature sequence [2] . The output of the AIC for the th user of the th path at the th symbol time is given by (3) where is the tap-weight vector of the AIC. Based on the MMSE criterion, the tap-weight vector is updated for minimizing the MSE , subject to the constraint , where is a estimated codeword. To derive the adaptive step-size AIC (AS-AIC) algorithm, we extend the adaptive step-size algorithm in complex domain. For convenience, suppose that all operations are made for the th user of the th path at the th receive antenna to omit all the subscripts. From the complex LMS algorithm [7] , the tap-weight vector for the AS-AIC is given by (4) where is the step-size, and and are the gradients w.r.t. the real and imaginary component of the tap-weight vector, respectively. For the unknown optimum step-size , there exists a unique stationary process [3] . The step-size adaptation of the AS-AIC is obtained by applying a second LMS algorithm to adaptively minimize w.r.t. subject to .
where is the learning rate of the second LMS algorithm, stands for conjugate transpose operation, and denotes the derivative . Finally, from taking the derivative of (5) w.r.t. , the update of is given by (6) Now, the extended adaptive step-size algorithm can be applied to the space-time coded DS-CDMA system with complex signal constellation. Let denote the Euclidean distance between the desired signal and despread signal for the th user of the th path. Then the error signal of the adaptive step-size AIC algorithm is given by (7) where is the codeword corresponding to the state transition from the state to the state and stands for the selected value to minimize the path metric [5] , [6] . From (8), the proposed algorithm for the joint AS-AIC and ML decoder scheme is formulated as follows: (8) (9) (10) where the bracket with and denotes truncation for satisfying the constraint .
IV. SIMULATION RESULTS
The performance of the proposed scheme is evaluated in the downlink of the space-time coded DS-CDMA system with two transmit antennas to each of which equal transmit power is assigned. Assume that the receiver makes perfect estimation on the channel gain and arrival time delay of each path. In simulation the signature sequence is randomly selected among the family of the Gold sequences of length for each user and the frame has the information data of 260 bits including padding bits which are encoded by the Tarokh's QPSK space-time code with 8 and 16 states for [4] . Assume that the normalized fading rate is 0.001, where is the maximum Doppler frequency and is frame duration, and the relative arrival time delay is uniformly distributed in . The step-size for the FS-AIC is chosen as which is the value minimizing the averaged BER of the system at dB through several times of simulation for the given numbers of users and antennas. The initial values for the AS-AIC are set as and , and other settings are where is dB scale, and . Fig. 1 shows the performance of the space-time trellis coded DS-CDMA system for the conventional ML decoding scheme (Conv. ML), the joint FS-AIC and ML decoder scheme with fixed step-size (FS-AIC ML), and the proposed scheme (AS-AIC ML) in a 2-path Rayleigh fading channel. In Fig. 1(a) and (b), both the joint AIC and ML decoder schemes have better performance than the conventional ML decoding scheme. It is shown that the proposed adaptive step-size algorithm works well in the space-time coded DS-CDMA system with complex signal constellation. In Fig. 1(a) , the performance improvement of the FS-AIC with , compared with that with , is slight because the step-size for the FS-AIC was chosen as the sub-optimal value for the given system parameter with and . On the other hand the proposed AS-AIC scheme achieves a significant improvement in both the cases of and because the AS-AIC can adaptively change the step-size to track the changes of the channel gain and system parameter. In Fig. 1(b) , as the number of users increases, the MAI increases and the system performance degrades generally. Nevertheless the proposed scheme still has lower BER than the other schemes and the amount of performance improvement slightly increases than that of the FS-AIC as the AS-AIC track robustly the change of optimum step-size according to increase of the MAI.
V. CONCLUSION
In this letter, we extend the adaptive step-size algorithm in complex domain and propose the adaptive step-size AIC and ML decoder scheme in the space-time coded DS-CDMA system. The proposed scheme adaptively updates the tap-weight vector and the step-size by the adaptive step-size AIC algorithm utilizing the Euclidian distance fed-back from the ML decoder instead of the error signal, to track the environment changes robustly without much increase of decoding delay and complexity. The performance of the proposed scheme is evaluated in the space-time trellis coded DS-CDMA system with two transmit antennas. Simulation results show that the adaptive step-size AIC algorithm works well in the space-time coded DS-CDMA system with complex signal constellation and the proposed scheme has better performance than not only the conventional ML decoder but also the joint FS-AIC and ML decoder scheme.
